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Abstract: In this paper ve propose an approach vhen several cooperative deci­
sion makers seek to reach a finał decisionor recommendation. We propose an 
interactive aid that facilitates consensus reaching. This approach dravs from 
a previous results vhich posits that aultitudinous ranking can be obtain from 
a single relatlonal system. 
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INTRODUCTION 
Decision-making in any organization is only exceptionally entrusted to 

a single indivldual. Besides, though the autonomous decision maker may be the 

sole responsible, he cannot shut out the host of outside influences and pres­

sures that enter his declsion-making process. To investigate the case where 

several declsion makers are lnvolved, and the nature of thelr purpose, is to 

enter the field of collectlve action, the subject of this paper. Numerous such 

group sltuatlons have been identified and analyzed over the last years 

[Jelassl, 1990]. 

We shall focus on group decisions where several cooperatlve declslon 

makers seek to reach a finał decision (or recommendatlon) for which they are 

collectively responslble and committed.Many reasons vie for the development of 

effective tools and means of assistirig group decisions . Huber (1982) mentions 

these: discusslons dominated by overpowering participants, lack of communlca­

tlon, peer pressure that leads partlcipants to conform to prevalllng ldeas 

rather than speak their own mind. Huber contends that lack of informatlon, 

dlstortlon of information and shallow treatment of lssues contribute to lower 

the group participants' productivity. He argues that Group Decision Support 

Systems (GOSS) hold considerable promiss in clearing these hurdles. 

So far, experimentation with GOSS [Lewis, 1987; Watson and al., 1988 ; 

Benbasat and Nault,1990; etc . J seems to corroborate Huber's prognosis . These 

experiments suggest that GOSS increase participation, enhance decision quality 

and improve the group's ability to concentrate on the task at hand. They would 

also seem to dampen individual influence and domination, bolster the group's 

confldence in its decisions, augment individual participants' satisfaction 

with both the process and the result of the group's werk, facilitate consensus 

and shorten the time needed to reach a decision. Moreover, Huber (1984) pleads 

a convincing case for the need to develop group decision aids by conjurlng up 
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this common dilemma: decision aakers are asked to partake in evermore frequent 

and lengthy meetings, thus preventlng the• from attending to other equally 

pressing duties. The solution to thh dilemma is to make these meetings 

shorter and 1DOre productive. Such are the motives driving the need for GDSS. 

Needless to say, experimentation with GDSS has eabraced many different 

dimensions. Gray and al. (1990) have proposed a aethod for distinguishirig (and 

classifying) these experlments, thus facllitating their interpretation. Re­

search in this field has drawn fro• group psychology and the st_udy o,f lndivid­

uals' behavlor wlthin groups. Assesslng the link between electronlcally assis­

ted group meetings and the ensuing results rests on three sets of factors: 

context, process and effects on group 1nteract1on. For instance, Bul and Jarke 

(1986) lnslst on group archltecture and lnteractlon between • embers; Jelassi 

and Beauclalr (1987) point out that technical speclflcations of GDSS must 

conslder group behavloral aspects and allow for 1nteract1on between group 

members. Though GOSS aay take on a varlety of configurations, the basie ele­

ments lnvarlably lnclude: hardware, - software, users and procedures. We shall 

focus on software, an element comprislng several interlocking components 

whlch, together. embody the essence of a GDSS. 

To be more speclflc, we al• to develop an interactive ald that 

facilltates consensus reachlng. To do so, we refer to a previous analysis 

[Kiss and Hartel, 1991] whereln we demonstrate that for a glven relatlonal 

preference system (RPS) there exlst many posslble hierarchlcal decomposltlons 

(or ranklngs), and vice versa. Thus, glven a RSP for each group member and the 

associated rankings. we seek fo determlne a ranking that satisfies all the 

partlclpants (a consensus) or at least a strong majority. 

FORMULATINC THE SITIJATIOH 

Let us consider a case where N, r = 1,2, ... ,N, interacting decision 

makers acknowledge a common declslon problem, share a range of declslon-making 

concerns or at least agree to subscribe to such whilst retainill8 

thelr respective preferences and Judgements. and are confronted with m. 

x1„1 = {x1 , ... ,x ...... x.}. options. 

The first step is for each of the N decision makers to specify his/her 

own relational indifference system (RIS): 
b 

~(Ilr, [br) = { v~l(x.xxj)Y l,J=1 •... ,m i"'J; Il 2: 2 }; 1 :s b :s m(m-1). 
r 2 • 

Vr; r=1, .. . ,N. 
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Applying an aggregative isolation procedure [Kiss & Martel , 1991) to each RIS 

so obtained results in N partitions of the x1• 1- elements , th~s yielding the 

sets: 
(r) { (r) (r) (r) } 

A[n J s At.(b <r>J 1 ··· •AJ,[h (r)J'···•An ,Cb (r)J ; r • l, . . . ,N , 
r 1 J r n . r 

whose elements we shall denominate 11acroentities, "conglomerates" of the 

elements c_ontained in x1• 1, wi th 

~rh (r) "'a; nr :s a .and ~r A lb (rl I • ~r[ bo(::r:] • 
J=1 j js1 J, j jsl •=1 J, 

The next step 1s for each decision malcer to specify his/her relational 

preference system (RPS) by referring to the set of macroentities established 

through the aggregative isolation procedure: 
C 

:R(P) • { lJ (A PA ) I 1, j r, [erl z=l llh 1 (rll Jlb/rll z 

n (n - 1 J 
1 :s Cr :s r r2 ; Vr; r • 1., .. . ,N. 

1, . .. ,n ; 
r 

11'j; 

A new series of partitions is found .by applying an aggregative 

decomposition procedure [Kiss & Martel, 1991] to each RPS and yields the sets : 

D~~~ l • {»:::11 (rll' ... ,D~::11 (rll'' .. ,D!r'.111 (r)J};r • l , ... ,N, 
r 1 li: r V 

r 
which constitute the initial raw decompositions (or groupings) of sets A::> 1, 
where each of the r parti tions has V 

r 

r 
hierarchical levels »<r> and 

lt, Illit (r) J 

elements (aacroentities) originating each partition _level contains 111t{r) ~ 1 

from the r t.h set A Ir> · k • 1 1 N Th h Cn 1, , . . . ,vr; r • , ... , . us, we ave 
r 
n . 

r 
V 

r 

Eh (r) • E 111t(r) 
J=l j lt=l 

a; v :sn :sm and 
r r 

V [ 1) (r) l n [ b (r) l r k r J • 
= U U o<r> • U U A <r> = U X ; 

k, t J, • 1 
k=1 ts:1 Ja1 • =1 lzt 

\lr;r=l, ... ,N. 

We shall assuae that the indifference relation I is at once reflexive, 

SY1111Detrical and transitive whereas the preference relation P is reflexive, 

asY1111Detrical and non-intransitive. The· system cannot admit a preference re­

lationship that violates the transitivlty condition. In order to establish 

these relations, the N decision makers may or may not refer to the same set of 

criteria. These relations depend upon their overall assessment of the m op-

E'" -
~ 
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tions considered. Going successively from the set of options x1• 1 to the sets 

of macroentities A1' 1 , then to the hlerarchlcal decomposltlons (groupings) 
In I 

r 
u1' 1 , in other terms going from X to D 1' 1 constltute "non-biunivoque" 

o IV I ' lal O IV I 
r r 

(non-mutually congruous) relations. We know that a glven RSP may lead to many 

different hlerarchical decomposltlons and, conversely, that severa! RSP may 

stem fróm a single hierarchlcal decomposition [Kiss & Hartel,1991]. It is this 

"non-biuni-vocite• (non-mutual congruity) and the multitudlnous decomposition 

posslbillties that we wish to explolt ln our search for group consensus. 

PROPOSI"HON 1 

A consensus as to h1erarch1cal decompos1t1on De .may be obta1ned by seek1ng 

the lntersectlons of all poss1ble h1erarch1cal ranks for each element of the 

x1• 1 set by referrlng to the 1n1t1al raw decompos1t1ons D~~~ 1 : r • 1, ... ,N, 
r 

and ab1d1ng by the constra1nts posed by the RIS and RPS establ1shed by each of 

N dec1s1on malcers. 

REACHING CONSENSUS AS TO HIERARCIIICAL DECONPOSITION 

UNANIMOUS CONSENSUS WITiłOUT CONCESSION 

Let 6 1' 1 stand for the p th po~slble hlerarchlcal rank of the Jth 
J. p 

element of XC•I and let k ~ 1 deslgnate the nuaber of such posslble 
Łb r,J Łb (r) 

hlerarchlcal ranks for the J element for the r lnltlal decomposltlon D . 
~, o 

DJ!k I shall denote the k,,J cardlnal set contalnlng all posslble hierarchi-
r,J Łh Łb 

cal ranks for the J element 11iven the r RIS 7{(Ilr, lb I and the r th RPS 
r 

kr.J ~ 1; j • 1, . .. ,m; r • 1, .. . ,N. (1) 

The hierarchlcal consensus rank(s) for the Jth element, whlle taking simul-
. (r) 

taneous account of all inltial decompositions D0 : r = 1, ... ,N, is no other 

than a KJ> O cardinal set comprising all intersections of the sets defined in 

(1). Thus, 
N 

"' = .,..<rl · k ~ 1 J 1 .., J IK I n .., J(k I ' r, J ; • ' " " " ' li. 
J r=l r , J 

(2) 

An unanimous consensus as to hierarchical decomposition D is reached without · 
C 

concession if none of the sets defined in (2) are empty. 

376 



MAJORITY CONSENSUS WITHOUT CONCESSION 

However, 1f 3j; 1 S j S Il so tha t 7J J(lc J] = { 12,}, ł.hen tha t ( those) 

element(s) will be reexamined for A (<N} participants; in other words, the 

search for intersections specified in (2) proceeds until V Jfll}• 'v'j 
J[ICJ)l ' 

j = 1, ... ,m. (see figure 1) 

Before going any further,we must define a majority rule that states 

what number of rlecision makers (AJ among the total (N) 11ust share concurring 

hierarchical decompositions before consensus is declared; for insta ·,roe 

N/2 <As N. For this kind of consensus we need only find the A by A intersec­

tions defined in (2) rather than N by. N. Also, we should have 

7)(Tl 

J [IC J I 
= n11 

v<r,T) ; k a: 1 ; j • 1, ... ,m ; A " N ; T = 1, ... , (~) . 
· J [k I r, J r, 
r=t r, J 

(3) 

A majority consensus as to the hierarchical decomposition exists without con-

cession if there is at least one T series where none of the sets defined in 

(3) is empty. We can now formulate the conditions required for a hiarerchlcal 

consensus decompositlon: 

PROPOSITION 2 

VJ[ICJI • {0} •.VICJ EN+; j • 1, ... ,m. 
(unanimous) 

.3T; T • 1, .. . , (:) SO tha~ 

v;:~JJ • {0} • V,cJ EN+; j • 1, ... ,m. 
(majority) 

(4. a) 

(4. b) 

Whether 1n reference to cond1t1on (4.a) or (4. b), the unląueness or ,rult1-
pl1c1ty of a decompos1t1on D can be dlrectly ver1f1ed by calculat1ng the 
AE N+ ,rult1p11c1ty coeff1c1~nt, as follows: m 

A•TTIC 
Jc1 J 

( D is unique if A= 1 and multiple if A> 1.) 

CONSENSUS TIIROUGH CONCESSION 

(5) 

When condltlons (4.a} or (4.b) are not met at the outset, we launch 

into an interactive man/machine procedure that allows decision makers to reach 

a finał consensus. 

• Let Xcl• 1 denote an me cardinal set contaiping those elements of Xlml 
C 

which do satisfy conditions (4. a) or (4.bl . and let Xd[• 1 denote the comple­
d 

mentary set, in other words, the set of discordant elements, i.e., those 

elements whose ·.appraisal by N decision makers differ. Of course Xclm I s; XlmJ' 
C 

and m +m =m. 
c d 
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o µe(Je) and µd(.Jd) refer to the two tables of index-pointera containing 

the 1dent1f1cat1on indlcea that d1st1ngu1sh between those elements of X1• 1 

contalned '1n Xe! • 1 and those contained in Xdl • dl' O" f.le(Je) "• , 

o" f,ld(Jd) " • ' Je e. o •... ••e ; Jd. o, ....• d. 

o Let f) • {~} denote the set containlng the hierarchical 
f,le(Je)( Kf,lc(Jc)] 

consensual ranlts for the f.1e(J 0 ) th element of x1• 1, 1.e., for the Je th element 

of Xe[ • 1, onward Je> O (refer to (2)). 

: 
t 
: 
: 

! 
l 
l 

1ł(I)1 li> I 
• 1 

lterat.l•• •••reb 

i,11) 

Jlk1 J I 

v<r) 
J[k 

r J I 

f) (•) 
J[k• J I 

aq9re9atl•• a99re9atl•• coneenaua 
! l • o latloR• i deco• pos~ltlon• · decoapoaltlon ~~----------'1---''-----~----'-'-----1 

Fisure 1: Synopsis of consensus search 

For instance, by cons1der1ng the qu&Si-aedian ranlt in each 

Vf,I (J I K ; Je• l, •• .., • 0 , - can generate a partial RIS :R(I) and a 
o c [ f,le (Je) ] 

partla:l RPS ~(P), which serve to ~lze the useful informatlon 

gathered · as of the current step of the procedure. These relatlonal ranking 

syste• s point the way towards consensus. In prin~iple, we could generate not 
e 

only a single RIS and RPS pair but · a whole TT K 1 1 cardinal set of 
J • 1·", Je 

C 

partlal RIS and RPS with each RIS-RPS pair containing •e ranking relations. 

However, we shall focus on the median .ranie to ensure the interactive man/ 

machlne procedure does not bog down in co• plexlty. 

The decision • akers are asked to restate thelr 1nd1v1du•l RIS and RPS, 

thls time in reference to the ele-nts contained in the Xdl• 1 and Xel• 1 sets 
d e 

whllst ab1d1ng by the conditione posed by the RIS ~(I) and RPS ~(P) derlved 
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from the quasi"-median elements of Xe la 1. In other words, thr oughout th i s 

1ter a t iveand interact i ve search, aggregative isolation& and .aAgregative decom­

positions are performed by virtue of the N (Al RIS and RPS specified by the 

decisi on ·aakers and in compliance with this structure: 

:R (I) :R(xl(~(x) u ~(P) )t-J,t u :(•)._. l r,t 
r = 1, . • . , N; l<t:ST, (6 ) 

:R(P) ~ :R(PI (~(I) u ~(P) )t-J,t u :R(P) t-1 r,t 
r ~_r . t • econd 

1 
t.er•• 

1 
ter •• J,, 

: 

where T stands for the nuaber of iterat1ons required to complete the search. 

Notice that in (6) , as t increases, the 1mportance of the first terms weakens 

while that of the second terms beco-s more dominant , i. e. , the cardinality m c 

of Xe converges, though stochastically, towards that of x1• 1, Il, while the 

cardinality •d of Xd converges towards zero. 

Should a rupture occur, i.e., a laclt of monotony in the progression 

towards consensus.in other terms, if X01 • (tli ~ Xel• (t-ill' •e(t) :S mc(t-1), 
C • C 

we note the rankings (and their originatorsl causing the rupture, 1. e. , we 

identify those decision makera whose viewa differ. Theae diaaenters are en­

couraged to make concesaiona along the lines of the preferences expressed by 

their colleagues in order to reduce the obllerved dlscrepancies (see figure 2). 

(Il) 
C n···· 

·. 1 '.1 I 

't ;/;!:::·!-~ 
(t - iterationsl 

1 2 t T 

Figure 2: Progresslng towards consensus 

• Let r < N denote the nU11ber of dissenters . 
1 

• p(Jpl refers to a table ·of index~pointers containing the 1dentif1cation 

indices for the r dissenters; p(J ) E [t, . . . ,N]; j = 1, .. . ,r1• 
I p p 

• ł(Jłl is the compleaent of p(Jp) and refers to a table of index-
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pointers containing the ldentlficatlon lndlces for 

sharing partlcipants; ł(J;) E [1, ... ,N]; J; • 1, .. . ,N 
We can nov formalize the structure of the r 

such: 

the N - r 1 

- r . 
1 

revised RIS 

~(I)p(Jpl,t • ~(11(:R(I) V 'l{P))t-t'~(I);(J;l,t )p(Jpl,t v 7l(I)t-1 

~(P)p(Jp;,t - ~(pl(!R(I) V 7l(P))t-1"~(P);(J;l,t )P(Jp),t V :R(P)t-1 

consensus-

and RPS as 

(7) 

Jp - 1, •.. ,rl; J;• 1, ... ,N - r1; t .z 2, ... ,T. 

Of course, the structure of the N - r RIS and RPS remalns the same as in (6). 

BRIEF IHTROOOCTION 1'0 THE SYS1'EN 

To prevent a credibility gap froa alienating the researcher (whose 

outlook is academic) froa the manager (whose concerns are more practical), we 

have developed a group decisloo support systea (GDSS) called CllR-1 (Consensus 

Research, version 1), conceived along the matheaatical cbnception presented 

herein. 
The software is structured to facilltate consensus reachlng among ·deci-

sion group particlpants placed in a cooperatlve decision setting and whose 

task is to rank: a f1n1te nuaber' of options ( 1. e. , the elements contained in 

the x1•1 set).COR-l's systea architectur• (intelligent Junction .of aggregation 

prograas, access to expanded aemory, and so on) conforms, as far as possible, 

to the SM (Systea Appllcation Architecture) standard. Its points of entry 

were deflned in keeplng wltb the ClJA (CollllOn User Access) standard, for 

lnstance, in asslgnlng functicms keys, posting -nu . entrles and managing 

screen dlvlslon. The result ls a user-frlendly systea that ls remarkably 

slmple to use. 

COR-l's systea archltecture is aodulat, a feature whlch favors smooth 

adJustement to varlous .hardware conflgurations and allows future enhancements 

to be implemented 1wlthout alterlng the software's basie structure (see 

figure 3) . Thank:s to the lntegratlon of various algor:thlllic-mathematical · de­

vices and the Monitoring Module's efficient tracking of the Math, Dialogue and 

Data Base Management Modules, the system ls both speedy and efficlent.To acce­

lerate performance, we opted for a mlxed progr81111111ng technique, each time 

chooslng _the best-sulted progrllllUlling language: interface in MS,QuickBASIC 4.5, 

heavy-duty lnternal . computa.tions in MS C, toroidal scrolling windows were 

handled wlth MS Assembler. Gtven the appropriati: hardware, CDR-l's performance 

can be optimlzed by definlng -a _t Mbyte RAM-DRIVE (virtual disk) . 
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CONCLUSION 

IIONITORING MODULE 

IIATHEIIATICAL MODULE 

IALOGUE 110 ULE 
DATA BASE IWIAGEIIENT 

'---------t 
IIODULE 

DATA BASE 

F1gure _3: COR-1's Hodular System Arch1tecture 

Experience seems to show that GOSS are liable to improve the quality of 

group decisions. Consequently, we have developped a support whose purpose is 

to facilitate consensus reaching among group participants. 

In this paper_ we propose a novel approach to tackle the problems pla­

guing group decisions where several cooperative decision makers are asked to 

use pairwise comparisons in ranking a finite number of options. This approach 

draws from a previous result which posits that t~e options under consideration 

may be ranked in several different ways given a single relational preferen~e 

system. -Thus, the intersection of these rankings (one per decision maker) may 

lead. to a consensus (see proposition 1). If the intersection is void, we may 

either content ourselves with a majority of decision makers, or request some 

decision makers (the dissenters) to aake concessions, i.e. to revise their 

relational preference system. 

The sear·ch process considers three possible situatlons, namely: unani­

mous consensus without concession, majority consensus without concession and 

consensus through concession. All three situations can be dealt with in hier­

archical sequence or according to user preferences, thus attesting to the 

great flexibility of our software. 
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